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(57) ABSTRACT

A CE control circuit includes a CE signal generating circuit
which sets a CE signal to an enable level when bringing the
memory to an operable state or sets the CE signal to a disable
level when bringing the memory to a low power consump-
tion state, and a reference value generating circuit which
outputs a reference value corresponding to a period during
which the memory 1s allowed to be continuously in the
operable state, wherein when not receiving a startup request
signal of the memory for a period during which the CE
signal 1s the enable level, the CE signal generating circuit
clongates the period during which the CE si1gnal 1s the enable
level to a period corresponding to the reference value and
which 1s not shorter than a CE enable signal hold time of the
memory, and sets the CE signal to the disable level after the
clongated period passes.

10 Claims, 12 Drawing Sheets
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CHIP ENABLE CONTROL CIRCUIT,
MEMORY CONTROL CIRCUIT, AND DATA
PROCESSING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a chip enable control
circuit which controls a chip enable (CE) signal for a
memory 1n a system including the memory and a central
processing unit (CPU) with a cache memory, a memory
control circuit which includes the chip enable control circuit,
and a data processing system which includes the memory
control circuit.

2. Description of the Related Art

A system which includes a CPU with a cache memory and
a tlash memory 1s disclosed 1n, for example, the Japanese
Patent Application Kokai (Laid-Open) Publication No.
8-76875 (patent document 1).

FIG. 11 1s a block diagram showing the construction of a
conventional system which includes a CPU 1, a cache
controller 2, a cache memory 3, a tlash memory controller
da, and a flash memory 5. In this system, the CPU 1 fetches
code data from the cache memory 3 via the cache controller
2 or code data from a common bus, and performs an
operation according to the fetched code data and other
operation. When the CPU 1 reads a code from a common
memory, the cache controller 2 generates a signal HADDRI
indicating an address of the flash memory 5, a signal
HTRANSI indicating whether an address 1s an enable level
or disable level, and a signal HBURSTI indicating the
number of transfers, and outputs them to the address side
common bus.

FI1G. 12 15 a block diagram showing the construction of a
conventional flash memory controller 4a. The tlash memory
controller 4a includes an address decoder circuit 6, an
address/read enable (RE) generating circuit 7, and a data
output circuit 8. The address decoder circuit 6 receives the
signals HADDRI, HTRANSI, HBURSTI, and HREADYI
(which indicates the end of transfer of a previous cycle) of
the address side common bus, and outputs a startup request
signal S_REQ and an address ADDR. The address/RE
generating circuit 7 receives the startup request signal
S_REQ and the address ADDR, outputs a read enable signal
(RE signal) and an address signal Flash(A) to the flash
memory 5, and outputs an output request signal O_REQ to
the data output circuit 8. In FIG. 12, the mput terminal
T(CE) for a CE signal of the flash memory 5 1s connected to
an L level (GND), and the tlash memory 5 1s brought to an
operable state (activated state). The output request signal
O_REQ outputted from the address/RE generating circuit 7
and data Flash(D) outputted from the flash memory 3 are
inputted to the data output circuit 8. The data output circuit
8 outputs a signal HRDATAI to the data side common bus
and outputs a signal HREADYO to the address side com-
mon bus.

FIG. 13 1s a diagram showing operating waveiforms when
a cache miss hit occurs 1n the above-mentioned conventional
system, 1.€., in a case where a CE signal 1s always an enable

level (set to L level) and CE control 1s not performed. In
FIG. 13, CPUCLK denotes the operating clock of the CPU

1, HCLK denotes a clock generated by the CPU 1, MEM-
CLK denotes an operating clock of the tlash memory 5, and
Flash0 (D) and Flashl (D) denote data outputted from the
flash memory 5. When an address 1A is outputted from the
CPU 1 (time t,5,), the cache controller 2 outputs signals

HADDRI, HTRANSI, and HBURSTI to the address side
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common bus (time t,5,). When the signals HADDRI,
HTRANSI, HBURSTI, and HREADYTI are signals to be

used for accessing the flash memory 3, the address decoder
circuit 6 of the flash memory controller 4a generates a
startup request signal S_REQ 1n synchromization with the
clock HCLK by the use of the signals HADDRI, HITRANSI,
HBURSTI, and HREADYT, and holds the 81gnal HADDRI
which 1s an address value of the flash memory 5. The
address/RE generating circuit 7 receives the startup request
signal S_REQ and the held address value HADDRI, and
generates an address Flash(A) and an RE signal (times t, 55,
t,y,). The flash memory 5 outputs data Flash(D) relating to
the address Flash(A) in synchronization with the clock
MEMCLK (time t, ). The data output circuit 8 waits for an
output request (O_REQ i FIG. 12) generated by the
address/RE generating circuit 7, and outputs the data
HRDATAI relating to the output request to the common bus
(time t,,4). The data HRDATAI outputted to the common
bus 1s mputted as data ID to the CPU 1 via the cache
controller 2 (time t,;-)

However, since the conventional flash memory controller
da shown 1n FIG. 12 does not perform the CE control, 1.e.,
the CE terminal T(CE) of the flash memory 5 i1s connected
to the ground (GND), the flash memory 3 1s activated even
for such a period of cache hit which 1s a period during which
the data of the flash memory 5 1s not used, which results in
raising the problem of causing an increase in power con-
sumption.

Moreover, when an already-existing CE control 1s applied
to the conventional tflash memory controller 4a shown in
FIG. 12, there 1s presented a problem that an increase 1n
cycle at the time of cache miss hit markedly degrades the
performance of the system. This problem will be described
below.

FIG. 14 1s a diagram for describing a degradation in the
performance of the system and 1s a diagram showing oper-
ating wavelorms at the time of cache miss hit in the
conventional system, to which an already-existing CE con-
trol for changing the CE signal in FIG. 12 to an L level
(enable level) or an H level (disable level) 1s applied. As
shown 1n FIG. 14, 1f an address IA(a0) 1s outputted when the
CE signal of the flash memory 5 1s the H level, 1.e., 1n the
mode of low power consumption (time t,.,), the cache
controller 2 outputs the signals HADDRI(a0) and other
signals (time t,,,), and the flash memory controller 4a sets
the CE signal to the L level (enable level) (time t,,;),
supplies the tlash memory 3 with an address Flash(A) (time
t,..), and sets the RE signal to the L level (read enable) (time
t,.-). However, in order to enable the flash memory 5 to be
used after the CE signal inputted to the tflash memory 5 1s set
to the L level (time t,,5), 1t 1s necessary to wait for the CE
setup time of the tlash memory 5 to pass. Theretore, as in the
case of the already-existing CE control, when the flash
memory controller 4a sets the flash memory 5 to the low
power consumption mode (1.e., sets CE signal to the H level)
every time a cache hit occurs, 1t 1s necessary to wait for the
CE setup time of the flash memory 5 to pass every time a
cache miss hit occurs. This becomes the cause of degrading
the performance of the system.

SUMMARY OF THE

INVENTION

The object of the present mvention 1s to provide a chip
enable control circuit, a memory control circuit, and a data
processing circuit which can reduce power consumption
without degrading the performance of a system.
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According to the present invention, a chip enable control
circuit includes: a chip enable signal generating circuit
which generates a chip enable signal for controlling a state
ol a memory, the chip enable signal generating circuit setting
the chip enable signal to an enable level when bringing the
memory to an operable state 1n which the memory 1s
operable, the chip enable signal generating circuit setting the
chip enable signal to a disable level when bringing the
memory to a low power consumption state in which power
consumption i1s lower than in the operable state; and a
reference value generating circuit which outputs a reference
value corresponding to a period during which the memory 1s
allowed to be continuously in the operable state. When the
chip enable signal generating circuit does not receive a
startup request signal of the memory for a period during
which the chip enable signal 1s the enable level, the chip
enable signal generating circuit elongates the period during
which the chip enable signal 1s the enable level to a period

corresponding to the reference value and which 1s not
shorter than a chip enable signal hold time of the memory,
and sets the chip enable signal to the disable level after the
clongated period passes.

According to another aspect of the present invention, a
memory control circuit includes: the above-mentioned chip
enable control circuit; an address decoder circuit which
receives a memory access signal and generates the startup
request signal 1n accordance with the received memory
access signal; and a read enable signal generating circuit
which generates the read enable signal in accordance with
the startup request signal.

According to yet another aspect of the present invention,
a data processing system includes: a central processing unit;
a cache memory; a cache controller for controlling operation
of the cache memory; a memory; and the above-mentioned
memory control circuit, which controls operation of the
memory in accordance with a command from the cache
controller.

In the present invention, when chip enable signal gener-
ating circuit does not receive a startup request signal of a
memory for a period during which a chip enable signal 1s the
cnable level, the chip enable signal generating circuit elon-
gates the period during which the chip enable signal 1s the
enable level to a period, which corresponds to a reference
value relating to a period during which the memory 1s
allowed to be continuously 1n an operable state and 1s not
shorter than a chip enable signal hold time of the memory,
and brings the chip enable signal to the disable level after the
clongated period passes. With this control, the memory 1s
not brought to a low power consumption state more than
necessary. Therefore, 1t 1s possible to generate the eflect of
being able to avoid a degradation in the performance of the
system. Moreover, by performing the control of disabling
the chip enable signal, 1t 1s possible to generate the effect of
realizing low power consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of 1llus-
tration only, and thus are not limitative of the present
invention, and wherein:

FIG. 1 1s a block diagram schematically showing the
construction of a data processing system of the present
invention;
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FIG. 2 1s a block diagram schematically showing the
construction of a flash memory controller which 1s a
memory control circuit in the first embodiment of the
present 1nvention;

FIG. 3 1s a block diagram schematically showing the
construction of a CE control circuit 1n the first embodiment;

FIG. 4 1s a block diagram schematically showing the
construction of an expected value determining circuit in the
first embodiment:

FIG. 5 1s a diagram showing a table containing a timer
value outputted from a timer and an expected value;

FIG. 6 1s a diagram showing operating waveforms of the
first embodiment;

FIG. 7 1s a diagram showing other operating wavetorms
of the first embodiment;

FIG. 8 1s a block diagram schematically showing the
construction of a CE control circuit 1n the second embodi-
ment,

FIG. 9 1s a graph showing an example of a cycle distri-
bution of program to be executed;

FIG. 10 1s a diagram showing operating wavelorms of the
second embodiment;

FIG. 11 1s a block diagram schematically showing the
construction of a conventional system;

FIG. 12 1s a block diagram schematically showing the
construction of a conventional flash memory controller;

FIG. 13 15 a diagram showing operating wavelorms when
a cache miss occurs (without CE control); and

FIG. 14 15 a diagram showing operating wavelorms when
a cache miss occurs (with CE control).

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
inafter. However, 1t should be understood that the detailed
description and specific examples, while indicating pre-
ferred embodiments of the mvention, are given by way of
illustration only, since various changes and modifications
will become apparent to those skilled in the art from the
detailed description.

First Embodiment

FIG. 1 1s a block diagram showing the construction of a
data processing system, to which a CE control circuit
according to the first embodiment of the present invention 1s
applied. As shown in FIG. 1, the data processing system
includes a CPU 1, a cache controller 2, a cache memory 3,
a flash memory controller 4, and a flash memory 5. The CPU
1 fetches code data from the cache memory 3 via the cache
controller 2 or code data from a common bus, and performs
an operation 1n accordance with the fetched code data and
other operation. When the CPU 1 reads a code from a
common memory, which 1s a memory connected to the
common bus and includes the flash memory 35, the cache
controller 2 generates a signal HADDRI indicating the
address of the flash memory 5, a signal HTRANSI indicating
whether an address 1s an enable level or disable level, and a
signal HBURSTI indicating the number of transfers, and
outputs them to the address side common bus.

FIG. 2 15 a block diagram showing the construction of the
flash memory controller 4 shown in FIG. 1. As shown 1n
FIG. 2, the flash memory controller 4 includes an address
decoder circuit 6, an address/read enable (RE) generating
circuit 7, a data output circuit 8, and a CE control circuit 9.
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The address decoder circuit 6 receives the signals HADDRI,
HTRANSI, and HBURSTT of the address side common bus
and a signal HREADYT indicating the end of transfer of a
previous cycle, outputs a startup request signal S_REQ to
the address/RE generating circuit 7 and the CE control
circuit 9, and outputs an address ADDR to the address/RE
generating circuit 7. The address/RE generating circuit 7
receives the startup request signal S_REQ and the address
ADDR from the address decoder circuit 6, receives a wait
signal WAIT from the CE control circuit 9, outputs a read
enable signal (RE signal) and an address signal Flash(A) to
the flash memory 5, and outputs an output request signal
O_REQ to the data output circuit 8. The output request
signal O_REQ outputted from the address/RE generating
circuit 7 and data Flash(D) outputted from the flash memory
5 are mputted to the data output circuit 8. The data output
circuit 8 outputs a signal HRDATATI to the data side common
bus and outputs a signal HREADYO to the address side
common bus.

FIG. 3 15 a block diagram showing the construction of the
CE control circuit 9 shown 1in FIG. 2. As shown 1n FIG. 3,
the CE control circuit 9 includes a counter 10 for outputting,
a count value COUNT, an expected value register 11 for
outputting an expected value EV, an expected value deter-
mimng circuit 12 for generating the expected value EV, a
wait generating circuit 13 for outputting a wait signal WAIT,
which 1s a signal to enable an RE signal, to the address/RE
generating circuit 7, and a coincidence determining circuit
14 for outputting a CE signal of a level (enable level or
disable level) based on the count value COUNT and the
expected value EV,

FI1G. 4 15 a block diagram showing the construction of the
expected value determining circuit 12 shown in FIG. 3. As
shown 1n FIG. 4, the expected value determining circuit 12
includes an RE rnising-edge detecting circuit 15 which

detects a rising-edge in the RE =

signal and outputs an RE
rising-edge detecting signal (pulse signal) RE_DET, a timer
16 which resets a timer value TIMER by the input of the RE
rising-edge detecting signal RE_DET and stops operation by
the mput of the startup request signal S_REQ, and a table
holding section 17 which contains the relationship between
the timer value TIMER and the expected value EV.

FIG. 5 1s a diagram showing one example of a table which
1s held by the table holding section 17 shown 1n FIG. 4. The
table holding section 17 has the data of the expected value
EV relating to the timer value TIMER and outputs a value
relating to the timer value TIMER to the expected value
register 11. For example, as shown 1n FIG. 6, which will be
described later, when a timer value TIMER 1s relatively
small, 1.e., when cache misses continuously occur, because
a small time value TIMER means that the startup request
signal S_REQ of the flash memory 5 1s frequently received,
the table holding section 17 outputs a minimum cycle (<17
in this case). In FIG. 5, E,, E,, and E, are reterence values
relating to periods during which the flash memory 5 1s
allowed to be continuously 1n an operable state. The refer-
ence values E,, E,, and E; satisty an mnequality of E,<E,<
and, for example, E, 1s set to “177, E, 1s set to “26”, and .
1s set to “307.

Next, the operations of the CE control circuit 9, the flash
memory controller 4, and the data processing system accord-
ing to the first embodiment will be described. FIG. 6 1s a
diagram showing operating wavetforms (No. 1) of the first
embodiment. FIG. 6 shows a case where a period from the

end of a previous cycle to the start of the next cycle is short.
When the cache controller 2 outputs the signals HADDRI,
HTRANSI (not shown in FIG. 6), HBURSTI (not shown 1n
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FIG. 6), and HREADYT (not shown in FIG. 6) to the address
side common bus 1n accordance with a command from the

CPU 1 (time t.,,), 1n the flash memory controller 4, the
address decoder circuit 6 outputs the startup request signal
S_REQ to the address/RE generating circuit 7 and the CE
control circuit 9 (time t601), and outputs the address ADDR
to the address/RE generating circuit 7.

In the flash memory controller 4, the CE control circuit 9
receives the startup request signal S_REQ (H level) from the
address decoder circuit 6 (time t,,, ), and sets an 1nitial value
in the counter 10 in the CE control circuit 9. This mitial
value 1s a status value varying in accordance with the state
of the flash memory 5. When the flash memory 5 1s 1n a low
power consumption mode, 1.e., when the CE signal 1s an H
level (disable level), the 1nitial value 1s set to, for example,
“0”. When the flash memory 5 1s 1n an operation mode, 1.e.,
when the CE signal 1s an L level (enable level), the initial

value 1s set to, for example, “2”. In an example shown in
FIG. 6, the initial value of the counter 10 is set to “2” (times

tGDZ! t607)'

In the example shown 1n FIG. 6, a value relating to the
timer value TIMER outputted from the timer 16 in the
expected value determiming circuit 12 1s set in the expected
value register 11 in the CE control circuit 9 (time t.,,). This
value relating to the timer value TIMER 1s a value (expected
value EV) which 1s selected in the table holding section 17
as a value relating to a time period, during which the flash
memory 5 1s allowed to be continuously 1n an operating state
(FIG. 5). Since the timer value TIMER when the startup
request signal S_REQ (H level) 1s received at time t.,, 1s
“6”,E, (“1771n FIG. 6) 1s set as the expected value EV from
the table 1 FIG. 5.

When the expected value EV 1s set in the expected value
register 11 (time t,,), the expected value EV (“17” 1n FIG.
6) does not coincide with the counter value COUNT (*2” 1n
FIG. 6), and hence the coincidence determining circuit 14
outputs the L level (enable level) as a CE signal (time t;,).
In the example 1n FIG. 6, the CE signal 1s the L level before
time t,,,, and hence the CE signal 1s not changed at time t,,
but keeps the L level.

Every time the clock HCLK rnses, the count value
COUNT of the counter 10 1s incremented by one. For
example, when the counter value COUNT of the counter 10
becomes “3” or more (“3” 1s a specified set value) (time
tcn3), @ wait signal WAIT (shown in FIG. 2 and FIG. 3) 1s
released, the address/RE generating circuit 7 1s started, and
the RE signal becomes an L level (read enable) (time t,,,).

In the CE control circuit 9, when the counter value
COUNT of the counter 10 coincides with the expected value
EV outputted from the expected value register 11, the
comncidence determining circuit 14 outputs the H level
(disable level) as the CE signal and the counter 10 stops
operation. This state 1s shown, for example, after time t-,, 1n
FIG. 7, which will be described later, and 1n this state, the
counter value COUNT becomes “18” and coincides with the
expected value EV, and hence the operation of the counter 10
Stops.

In the CE control circuit 9, when the startup request signal
S_REQ 1s recerved from the address decoder circuit 6 while
the counter 10 1s 1n operation, the count value COUNT of the
counter 10 and the expected value EV outputted from the
expected value register 11 are set (times t,., t4,-). In the
example 1 FIG. 6, since the CE signal 1s the L level, the
initial value of the count value COUNT 1s “2” and the
expected value 1s set to “17”. Although not shown 1n FIG. 6,
if the startup request signal S_REQ 1s recerved when the CE
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signal 1s the H level, the mitial value of the count value
COUNT 1s “0”. This 1s shown at time t,., 1n FIG. 7, which
will be described later.

The started address/RE generating circuit 7 outputs a
memory address Flash(A) relating to the held signal HAD-
DRI and changes the RE signal to the L level (time t,,.).
Then, the address/RE generating circuit 7 changes the RE
signal to the H level (read enabled) after four clocks of the
clock HCLK (after one transfer) (time t.,;).

The flash memory 3 1s pipelined 1nside and hence needs
a setup time of two clocks of the clock MEMCLK for each
read cycle so as to mitialize itself and to mnitialize read BIAS
and a hold time of one clock of the clock MEMCLK so as
to hold data. The tlash memory 3 receives the CE signal
from the CE control circuit 9. Every time the clock MEM-
CLK rises, the flash memory 3 mitializes itselt and the read
BIAS. Thereafter, when the clock MEMCLK rises, the tlash
memory 3 receives the memory address Flash(A) and the RE
signal from the address/RE generating circuit 7. Then, after
one clock of the clock MEMCLK from the rise of the clock
MEMCLK when the flash memory 5 recerves the memory
address Flash(A), the flash memory 5 outputs the data
Flash(D) relating to the memory address Flash(A).

The data output circuit 8 holds the data Flash(D) output-
ted from the flash memory 5, and outputs data HRDATAI
and HREADYO held in accordance with to the timing
constraint of the bus.

When the RE signal rises, the expected value determining,
circuit 12 1n the CE control circuit 9 generates one shot pulse
(signal of detecting the RE signal) TR_DFET by an RE
rising-edge detecting circuit 15 and the timer 16 in the
expected value determinming circuit 12 1s reset. Thereafiter,
every time the clock HCLK rises, the timer 16 counts up the
timer value TIMER until the startup request signal S_REQ
rises, and when the startup request signal S_REQ rises, the
timer 16 stops a counting-up operation. The expected value
determining circuit 12 outputs an expected value EV based
on the timer value TIMER when the timer 10 stops the
counting-up operation. The coincidence determining circuit
14 controls a period during which the CE signal 1s an enable
level (the L level) 1n accordance with the expected value EV
(1.e., a value relating to a period from a time when the RE
81gnal rises to a time when the startup request signal S_REQ)
1s received). In the example 1n FIG. 6, the coincidence
determining circuit 14 receives the startup request signal
S_REQ for a period during which the CE signal 1s an enable
level (times t.,,, ts,s), and when the coincidence determin-
ing circuit 14 receives the startup request signal S_REQ), the
count value COUNT 1s set to an initial value and the CE
signal 1s kept at the enable level.

FI1G. 7 1s a diagram (No. 2) showing operating wavelorms
of the first embodiment. FIG. 7 shows a case where a period
from the end of the previous cycle to the start of the next
cycle 1s long. As shown 1n FIG. 7, when the timer value 1s
large (in the case of a code in which access or execution
cycle after the time when cache hit continues), the table
holding section 17 outputs a maximum cycle (“30” in this
case). In an example in FIG. 7, at time t,,,, since the CE
51gnal 1s the H level (disable level) and the flash memory 5
1s 1n the mode of low power consumption, the cycle 1s
increased by a CE setup time. To compensate the increase 1n
the cycle, a maximum value (*30” in this case) 1s selected
from the table holding section 17 in the expected value
determining circuit 12 and is outputted as an expected value
EV (time t-,,). The coincidence determining circuit 14
controls a period during which the CE signal i1s the enable
level (L level) 1n accordance with the expected value EV
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(1.e., value relating to a period from the time when the RE
signal rises to the time when the startup request signal
S_REQ 1s received). In the example i FIG. 7, the startup
request signal S_REQ 1s not received for a period during
which the CFE signal 1s the enable level (L level) and a period
during which the chip enable signal 1s the enable level 1s
elongated to a period (a period to time t,,, 1n FIG. 7), which
corresponds to the expected value EV and 1s longer than a
signal hold time (four clocks of CPUCLK) specific to the
flash memory 5, and the CE signal 1s set to the H level
(disable level) after the elongated period passes (time t,,, 1n
FIG. 7).

As described above, 1in the first embodiment, the CE
control circuit 9 measures a period of time from the end of
memory access ol the previous cycle to the startup of this
cycle (a period of time from t . to t,. 1n FIG. 6, but the timer
measures a period of time from t,,5), and when this period
of time 1s short, the CE control circuit 9 determines that
cache miss continues and decreases an expected value E
(for example, the expected value EV 1s set to “17” at time
t.o» 10 FIG. 6). Meanwhile, when the period of time from the
end of memory access of the previous cycle to the startup of
this cycle (a period of time from t , to t;, 1n FIG. 7, but the
timer measures a period of time from t,,5) 1s long, the CE
control circuit 9 determines that cache miss starts (1.e., cache
hit continues and then cache miss occurs) and increases the
expected value EV (for example, the expected value EV 1s
set to “30” at time t,,, 1n FIG. 7). In this manner, when cache
miss starts, the CE control circuit 9 increases the expected
value EV to delay the time when the CE signal becomes
disable level (H level). Hence, the CE control circuit 9 can
decrease frequency with which the CE signal becomes
disable level (time t,,, 1n FIG. 14) as 1s the case with the
conventional CE control, can save the time required for CE
setup, and hence can avoid a degradation 1n performance of
the CPU 1. Specifically, in the case shown in FIG. 14
(conventional case), the period of time from the end of
memory access of the previous cycle (time t ) to the startup
of this cycle (time t5,,) 1s 16 cycles of the CPU clock, but
in the case of FIG. 16 (first embodiment), the period of time
from the end of memory access of the previous cycle (time
t,) to the startup of this cycle (time t;,) 1s 12 cycles of the
CPU clock. Hence the degradation 1n the performance of the
CPU 1 can be avoided. Moreover, 1n the first embodiment,
since the control of the CE signal i1s performed, there 1s
generated the effect of reducing power consumption as
compared with the conventional case (FIG. 13) where the
CE control 1s not performed.

Second Embodiment

FIG. 8 1s a block diagram showing the construction of a
CE control circuit 9a according to the second embodiment.
In FIG. 8, constructions corresponding to the constructions
shown 1n FIG. 3 are denoted by the same reference symbols.
The CE control circuit 9q 1n FIG. 8 1s different from the CE
control circuit 9 shown 1 FIG. 3 1n that the CE control
circuit 9q includes a fixed value setting circuit 18 1n place of
the expected value register 11 and the expected value
determining circuit 12, shown in FIG. 3.

A fixed value FV outputted from the fixed value setting
circuit 18 1s determined on a cycle distribution of program
executed by the data processing system (FIG. 1) FIG. 9 1s a
graph showing a cycle distribution obtained by performing
simulation calculation. In FIG. 9, a horizontal axis shows the
number of cycles which indicates the number of clocks
required to perform one data transfer and a vertical axis
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indicates the number of occurrences of data transter which
requires the each number of cycles. A curve shown 1n FIG.
9 1s only an example and a straight broken line 1n a vertical
direction corresponds to a fixed value FV. In the right region
of the straight line FV 1n FI1G. 9, the control in which the CE
signal a disable level 1s performed, and hence the perfor-
mance of the system 1s degraded but the effect of decreasing,
power consumption 1s increased. In the left region of the
straight line FV 1n F1G. 9, the control 1n which the CE signal
1s not disable level 1s performed, and hence the performance
of the system 1s improved but the eflect of decreasing power
consumption cannot be realized. Therefore, it 1s recom-
mended that the value of the fixed value FV 1s determined
in consideration of both of the required performance of the
system and a required decrease in power consumption.

FIG. 10 1s a diagram showing operating wavetorms of the
second embodiment. In the CE control circuit 9a, a startup
request signal S_REQ 1s received the address decoder circuit
6, and a count value COUNT 1s set (time t, ;). Since the
fixed value FV does not coincide with the count value
COUNT, the coincidence determining circuit 14 outputs a
CE signal of the L level (enable level) (keeps the L level 1n
FIG. 10).

Every time the clock HCLK rises, the count value

COUNT 1s incremented by one. When the count value
COUNT becomes three or more, a wait signal WAIT 1s
released (time t,,,,), and the address/RE generating circuit

7 1s started to set the RE signal to the L level (read enable)
(time t,,,-). When the count value COUNT coincides with
the fixed value FV, the coincidence determining circuit 14
sets a CE signal to the H level (disable level) to stop the
operation of the counter 10, which i1s not shown in FIG. 10.

As described above, according to the second embodiment,
by determining the width of a period during which the CE
signal 1s the L level 1n accordance with the cycle distribution
of program to be used and by setting the CE signal to the H
level only when the number of cycles 1s not smaller than a
specified level (fixed value FV), without degrading the
performance of the CPU, it i1s possible to reduce power
consumption and to realize a small-scale circuit and at the
same time to generate the effect of reducing power con-
sumption of the circuit and cost.

Except for the above-described points, the second

embodiment 1s the same as the first embodiment.

MODIFIED EXAMPLE

In the first embodiment, the table holding section 17
determines the expected value EV 1n accordance with the
result of one measurement of the timer value TIMER.
However, 1t 1s also recommendable that the timer value
TIMER 1s measured two or more times to get a plurality of
measurement results, the expected value 1s learned 1n accor-
dance with the plurahty of measurement results by adding or
subtractmg the plurality of timer values TIMER, and the CE
control 1s performed in accordance with the learned
expected value EV.

In the second embodiment has been described a case
where not the expected value but the fixed value 1s used as
the reference value of determination to be mputted to the
comncidence determining circuit 14. However, by the use of
a register, 1t 1s also recommendable to manually adjust the
reference value of determination to be inputted to the
comncidence determining circuit 14 or to set the reference
value by the use of software (i.e., to automatically adjust the
reference value).

The mnvention being thus described, 1t will be obvious that
the same may be varied in many ways. Such variations are
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not to be regarded as a departure from the spirit and scope
of the invention, and all such modifications as would be
obvious to one skilled 1n the art are intended to be 1included
within the scope of following claims.

What 1s claimed 1s:

1. A chip enable control circuit comprising:

a chip enable signal generating circuit which generates a
chip enable signal for controlling a state of a memory,
the chip enable signal generating circuit setting the chip
enable signal to an enable level when bringing the
memory to an operable state 1n which the memory 1s
operable, the chip enable signal generating circuit set-
ting the chip enable signal to a disable level when
bringing the memory to a low power consumption state
in which power consumption 1s lower than in the
operable state; and

a relerence value generating circuit which outputs a
reference value corresponding to a period during which
the memory 1s allowed to be continuously in the
operable state;

wherein when the chip enable signal generating circuit
does not recerve a startup request signal of the memory
for a period during which the chip enable signal 1s the
enable level, the chip enable signal generating circuit
clongates the period during which the chip enable
signal 1s the enable level to a period corresponding to
the reference value and which 1s not shorter than a chip
ecnable signal hold time of the memory, and sets the
chip enable signal to the disable level after the elon-
gated period passes.

2. The chip enable control circuit according to claim 1,
wherein when the chip enable signal generating circuit
receives the startup request signal for the period during
which the chip enable signal 1s the enable level, the chip
enable signal generating circuit keeps the chip enable signal
at the enable level.

3. The chip enable control circuit according to claim 1,

wherein the reference value generating circuit receives the
startup request signal of the memory and a read enable
signal of the memory;

wherein the reference value 1s determined 1n accordance
with an interval from the receipt of the startup request
signal to the receipt of the read enable signal.

4. The chip enable control circuit according to claim 1,

wherein the reference value generating circuit includes:

a timer which outputs a timer value and resets the timer
value when receiving the read enable signal and stops
operation when recerving the startup request signal; and

a table hold section which outputs the reference value
corresponding to the timer value outputted from the
timer.

5. The chip enable control circuit according to claim 1,
wherein the reference value generating circuit sets the
reference value to a predetermined value.

6. The chip enable control circuit according to claim 5,
wherein the reference value generating circuit includes a
circuit for adjusting the reference value.

7. The chip enable control circuit according to claim 5,
wherein the reference value generating circuit includes a
circuit for adjusting the reference value 1n accordance with
previously acquired distribution data of access cycle to the
memory.

8. The chip enable control circuit according to claim 1,
wherein the chip enable signal generating circuit includes:

a counter having a count value which 1s reset when
receiving the startup request signal of the memory; and



US 7,269,082 B2

11

a coincidence determining circuit which sets the chip
enable signal to the disable level when the count value
of the counter coincides with the reference value.

9. A memory control circuit comprising:

the chip enable control circuit of claim 1;

an address decoder circuit which receives a memory
access signal and generates the startup request signal 1n
accordance with the recetved memory access signal;
and

a read enable signal generating circuit which generates the
read enable signal in accordance with the startup
request signal.

10

12

10. A data processing system comprising:
a central processing unit;
a cache memory;

a cache controller for controlling operation of the cache
memory;

a memory; and

the memory control circuit of claim 9, which controls

operation of the memory 1n accordance with a com-
mand from the cache controller.
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